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Outline

• Introduction (Bruce)
– ORNL DAAC
– GEDI mission and Data
– Available services for GEDI data

• Earthdata Cloud

• Examples of accessing and using GEDI data (Rupesh)
– GEDI Level 3, Level 4A, and Level 4B data overview
– Using S3 Direct Access Tutorial
– Subsetting GEDI L4A using Harmony
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Earth Observing System Data and Information System 
(EOSDIS) Distributed Active Archive Centers (DAACs)

Distributed Active Archive 
Centers (DAACs) are 
collocated with centers of 
science discipline expertise, 
archive and distribute NASA 
Earth Science data 
products.

https://lpdaac.usgs.gov

https://daac.ornl.gov

https://lpdaac.usgs.gov/
https://daac.ornl.gov/
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The Oak Ridge National Laboratory Distributed Active 
Archive Center for Biogeochemical Dynamics

The ORNL DAAC archives 
and distributes terrestrial 
ecology data, particularly 
data from field and 
airborne campaigns. 

https://daac.ornl.gov

https://daac.ornl.gov/
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Global Ecosystem Dynamics Investigation

• High resolution laser ranging of the Earth’s forests & topography
• Operating on the ISS since April 2019
• 3 lasers, full waveform in NIR
• 8 tracks with 25 m footprints, 

600 m between tracks
• Coverage between +/- 52° latitude

(ISS orbit)
• https://gedi.umd.edu/

https://daac.ornl.gov/gedi (ORNL DAAC GEDI data)
https://bit.ly/2YgIDiE (GEDI Overview at LP DAAC)
https://youtu.be/xsoMcw4upjs (Meet GEDI! video by LP DAAC)

https://gedi.umd.edu/
https://daac.ornl.gov/gedi
https://bit.ly/2YgIDiE
https://youtu.be/xsoMcw4upjs
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GEDI is full waveform lidar

Level 1: Geolocated Waveform
Level 2: Footprint level metrics
Level 3: Gridded metrics
Level 4A: Footprint level aboveground biomass
Level 4B: Gridded aboveground biomass
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GEDI data is available through LP and ORNL DAACs

Product Description Archive DAAC
Level 1B Geolocated waveform

LP DAACLevel 2A Elevation and height metrics
Level 2B Canopy cover and vertical profile metrics

Level 3 Gridded land surface metrics
ORNL DAACLevel 4A Footprint level aboveground biomass density

Level 4B Gridded aboveground biomass density



1212

Earthdata Cloud: Further enabling Open Science

• NASA Earth Science Data and Services in a
commercial (AWS) cloud environment

• A work in progress

• Tools for cross-DAAC access to data
– Harmony: https://harmony.earthdata.nasa.gov/
– OPeNDAP Hyrax: https://opendap.earthdata.nasa.gov/
– Direct (in-region) S3 Access

https://harmony.earthdata.nasa.gov/
https://opendap.earthdata.nasa.gov/
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Higher level GEDI data is available in multiple tools
Tool/Service L3 L4A L4B

Earthdata Cloud S3 access ✔ ✔ ✔

Earthdata Cloud OPeNDAP ✔

Earthdata Search (Discovery) ✔ ✔ ✔

Common Metadata Repository API (Discovery) ✔ ✔ ✔

WorldView and Global Imagery Browse Services (GIBS) API ✔ soon
HTTPS file download ✔ ✔ ✔

Harmony API for subsetting ✔

Open Geospatial Consortium Web Mapping Service (OGC WMS) ✔ ✔

Open Geospatial Consortium Web Coverage Service (OGC WCS) ✔ ✔

ORNL DAAC’s Spatial Data Access Tool (SDAT) ✔ ✔

ORNL DAAC’s Shopping Cart ✔ ✔ ✔

ORNL DAAC’s Terrestrial Ecology Subsetting & Visualization Services ✔ ✔ ✔

ORNL DAAC’s Quick Order ✔ ✔

L3 – Gridded (1 km) land surface metrics
L4A – Footprint level aboveground biomass
L4B – Gridded (1 km) aboveground biomass

Earthdata login (https://urs.earthdata.nasa.gov) 
required for all data access

https://data.ornldaac.earthdata.nasa.gov/s3credentialsREADME
https://opendap.earthdata.nasa.gov/
https://search.earthdata.nasa.gov/search?fi=GEDI
https://cmr.earthdata.nasa.gov/search/site/docs/search/api.html
https://worldview.earthdata.nasa.gov/
https://nasa-gibs.github.io/gibs-api-docs/
https://daac.ornl.gov/gedi
https://github.com/ornldaac/gedi_tutorials/blob/main/gedi_l4a_harmony.ipynb
https://webmap.ornl.gov/ogc
https://webmap.ornl.gov/ogc
https://webmap.ornl.gov/ogc
https://daac.ornl.gov/gedi
https://modis.ornl.gov/
https://daac.ornl.gov/gedi
https://urs.earthdata.nasa.gov/
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https://daac.ornl.gov/gedi
https://modis.ornl.gov/
https://daac.ornl.gov/gedi
https://urs.earthdata.nasa.gov/
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Outline

• Overview of GEDI Level 3, Level 4A and Level 4B 

• Examples of accessing and using GEDI data 
– Using S3 Direct Access (Jupyter Notebook)
– Using NASA Harmony API

• Jupyter Notebook
• Retrieving GEDI L4A subsets using NASA Earthdata Search 
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GEDI Orbits, Footprints, Grids

Green box = 1km x 1km EASEGRID 
in Tasmania, Australia. This is area 
where Australia’s tallest trees are 
located

10 GEDI sub-orbits passes over the1km x 
1km grid between 2019-04-17 to 2022-
01-20

Yellow dots = GEDI shots within 1km 
x 1km EASEGRID (193 GEDI shots)

GEDI Shot Number 
154201100400434800

GEDI orbits over one-day (2020-02-09) => 58 L4A granules GEDI orbits over period of one-week (2020-02-09 to 2020-
02-15) => 397 L4A granules

One GEDI orbit (orbit number 06577) (2020-02-09 15:13:21 
to 16:46:15) => 4 L4A granules
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GEDI L3 Gridded Land Surface Metrics - Algorithm

shot_number: 154201100400434800

GEDI L1B
Geolocated Waveforms 

(footprint)

shot_number: 154201100400434800

GEDI L2A
Relative height metrics

(footprint)

elev_lowestmode

RH100

Shot Editing

Orbit Editing

SRTMTanDEM-X

Shot Editing (2nd round)

RH100 elev_lowestmode

Valid L2A Shots

L3 Grids

ATBD: https://daac.ornl.gov/daacdata/gedi/GEDI_L3_Land_Surface_Metrics/comp/GEDI_ATBD_L3R01.pdf

https://daac.ornl.gov/daacdata/gedi/GEDI_L3_Land_Surface_Metrics/comp/GEDI_ATBD_L3R01.pdf
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GEDI L3 Gridded Land Surface Metrics - Variables
Layers Description
Counts Number of valid laser footprints

Elevation_lowestmode_mean Ground elevation approximated by the mean elevation of the 
lowest mode of valid footprints

Elevation_lowestmode_stddev Standard deviation of the elevation of lowest mode of valid 
footprints

RH100_mean Canopy height above ground in each grid cell characterized by 
the mean Relative Height Metrics 100 values of valid footprints

RH100_stddev Standard deviation of RH100 for all valid footprints

Elevation_lowestmode_mean RH100_mean

User Guide: https://daac.ornl.gov/GEDI/guides/GEDI_L3_LandSurface_Metrics_V2.html

https://daac.ornl.gov/GEDI/guides/GEDI_L3_LandSurface_Metrics_V2.html
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GEDI L3 Gridded Land Surface Metrics

• Data Format: Cloud-optimized GeoTIFFs

• Grid System: 1km EASEGrid 2.0 

• Spatial Extent: -52N to 52 degrees latitude

• Temporal Extent: Mission Weeks  19-96, 19-122, 19-138, 19-162

• Variables: 5 layers

DOI:  https://doi.org/10.3334/ORNLDAAC/1952

https://doi.org/10.3334/ORNLDAAC/1952
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GEDI L4A Footprint Level AGBD - Algorithm

ATBD: https://daac.ornl.gov/daacdata/gedi/GEDI_L4A_AGB_Density_V2_1/comp/GEDI_ATBD_L4A_v1.0.pdf
Manuscript: Duncanson et al. https://doi.org/10.1016/j.rse.2021.112845

Prediction Strata

Number of simulated 
waveform (n=8,587)

Algorithm Setting Groups

https://daac.ornl.gov/daacdata/gedi/GEDI_L4A_AGB_Density_V2_1/comp/GEDI_ATBD_L4A_v1.0.pdf
https://doi.org/10.1016/j.rse.2021.112845
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GEDI L4A Footprint Level AGBD

• Data Format: HDF5

• Spatial Extent: -52N to 52 degrees latitude

• Temporal Extent: Mission Weeks 19-138

• Variables: 183 variables within each of 8 beams, Ancillary and 
metadata information

DOI: https://doi.org/10.3334/ORNLDAAC/2056

https://doi.org/10.3334/ORNLDAAC/2056
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GEDI L4A Footprint Level AGBD - Variables

User Guide: https://daac.ornl.gov/GEDI/guides/GEDI_L4A_AGB_Density_V2_1.html
Tutorial: https://github.com/ornldaac/gedi_tutorials/blob/main/3_gedi_l4a_exploring_data.ipynb

https://daac.ornl.gov/GEDI/guides/GEDI_L4A_AGB_Density_V2_1.html
https://github.com/ornldaac/gedi_tutorials/blob/main/3_gedi_l4a_exploring_data.ipynb
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GEDI L4B Gridded AGBD - Algorithm

ATBD: https://daac.ornl.gov/daacdata/gedi/GEDI_L4B_Gridded_Biomass/comp/GEDI_L4B_ATBD_v1.0.pdf
Manuscript: Dubayah et al. (in review) https://eartharxiv.org/repository/object/3278/download/6566/

Source: Patterson et al. 2019 https://doi.org/10.1088/1748-9326/ab18df

https://daac.ornl.gov/daacdata/gedi/GEDI_L4B_Gridded_Biomass/comp/GEDI_L4B_ATBD_v1.0.pdf
https://eartharxiv.org/repository/object/3278/download/6566/
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GEDI L4B Gridded AGBD

DOI: https://doi.org/10.3334/ORNLDAAC/2017

• Data Format: Cloud-optimized GeoTIFFs

• Grid System: 1km EASEGrid 2.0 

• Spatial Extent: -52N to 52 degrees latitude

• Temporal Extent: Mission Weeks 19-138

• Variables: 10 layers

AGBD (Mg/ha)

AGBD SE (Mg/ha)

https://doi.org/10.3334/ORNLDAAC/2017
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GEDI L4 Gridded Land Surface Metrics - Variables
Layers Description

Mean aboveground biomass density (MU) Estimated mean AGBD, including forest and non-forest

Variance component 1 (V1) Uncertainty in the estimate of mean biomass due to the field-to-GEDI model used in L4A

Variance component 2 (V2) If Mode of Inference = 1, this is the uncertainty due to GEDI’s sampling of the 1 km cell. If 
Mode of Inference = 2, this is uncertainty owing to the model predicting biomass

Mean aboveground biomass density 
standard error (SE) Standard Error of the mean estimate, combining sampling and modeling uncertainty

Standard error as a fraction of the estimated 
mean AGBD (PE) If >100%, the cell values are truncated to 100.

Number of clusters (NC) Number of unique GEDI ground tracks with at least one high-quality waveform 
intersecting the grid cell

Number of samples (NS) Total number of high-quality waveforms across all ground tracks within the grid cell

Quality flag (QF) 0=Outside the GEDI domain; 1=Land surface; 2=Land surface and meets GEDI mission L1 
requirement (Percent standard error <20% or Standard Error < 20 Mg ha-1)

Prediction stratum (PS) determined by plant functional type and continent. PS is associated with an L4A model 
parameter covariance matrix that contributes to the Model Error Variance

Mode of interference (MI)
Method used for a particular cell. Until mission completion, only those cells where hybrid 
inference is possible will be populated with a mean biomass value. 0=None applied; 
1=Hybrid Model-Based; 2=Generalized Hierarchical Model-Based

User Guide: https://daac.ornl.gov/GEDI/guides/GEDI_L4B_Gridded_Biomass.html

https://daac.ornl.gov/GEDI/guides/GEDI_L4B_Gridded_Biomass.html
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Learning Resources for GEDI Products 

Search and Download

Subset

https://github.com/ornldaac/gedi_tutorials/

Explore

https://github.com/ornldaac/gedi_tutorials/
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https://github.com/ornldaac/gedi_tutorials/blob/main/gedi_l4a_direct_s3_access.ipynb

https://github.com/ornldaac/gedi_tutorials/blob/main/gedi_l4a_direct_s3_access.ipynb
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3636 https://github.com/ornldaac/gedi_tutorials/blob/main/gedi_l4a_harmony.ipynb

https://github.com/ornldaac/gedi_tutorials/blob/main/gedi_l4a_harmony.ipynb


3737



3838



3939



4040



4141



4242

Using NASA Earthdata Search and Harmony to Subset 
GEDI L4A

https://search.earthdata.nasa.gov/
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Questions?


